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1 Introduction

There are a number of areas in California that have a high incidence of overweight trucks and
accidents involving overweight trucks. It is likely that there are a significant number of
additional areas that are at risk, but have not recently had a significant number of accidents
associated with them. These areas need to be identified so Caltrans can determine which areas
are most problematic and should be equipped with Weigh-in-motion (WIM) systems and/or
Virtual Weigh Station (VWS).

Overweight trucks tend to bypass the existing Commercial Vehicle Enforcement Facilities
(CVEFs) by using alternative routes. Identifying these locations and alternative routes would
serve the following two purposes. First, it gives Caltrans the option to install WIM systems or
VWS on those routes that are used by a significant number of overweight trucks. The
information about these alternative routes can also be used by the California Highway Patrol
(CHP) to better enforce commercial vehicle laws in those areas. Second, the bypass route
identification would also provide a tool for evaluating the deployment of candidate WIM/VWS
sites.

To support the effective deployment of WIM/VWIM facilities in California, this project aimed to
identify locations most in need of future WIM/VWS and to develop techniques that identify
possible bypass routes so as to locate future facilities, such that they cannot be easily bypassed.
The overall goal was to provide a strategy for future WIM/VWS deployment.

1.1 Background

State roadway operating agencies and Metropolitan Planning Organizations (MPOs) are facing a
broad array of challenges attributable to increasing truck traffic®. These include traffic
congestion, transportation system deficiencies, safety, infrastructure deterioration, intermodal
connections, environmental impacts, quality of life, economic development, and losses in
productivity. The challenges that are most prevalent for state DOTs include congested urban
highways, safety complications, and pavement deterioration.

Federal Highway Administration (FHWA) policy mandates that each state enforce vehicle size
and weight laws to assure that violations are discouraged and that vehicles traversing the
highway system do not exceed the legal limits. These size and weight limits are based upon
design specifications and safety considerations, and enforcement shall be developed and
maintained both to prevent premature deterioration of the highway pavement and structures, and
provide a safe driving environment (23 CFR § 657.5).°

The increasing numbers of commercial motor vehicles traveling on the nation’s roadways is the
preeminent challenge faced by enforcement personnel®. At the same time, the enforcement
workforce is not increasing to keep pace with the growing truck volumes; in many states,
commercial vehicle enforcement personnel staffing levels are less than their full complement.
This disparity between truck volumes and enforcement staffing — which is expected to widen —

> NCHRP Synthesis 314, TRB, 2003.
? http://ops.fhwa.dot.gov/freight/sw/violation_report.htm
* http://www.ops.fhwa.dot.gov/publications/fhwahop09051/sec03.htm
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profile method'%: 1) we first partitioned the (continuous) state routes into 1-mile segments; 2) we
then counted the number of truck crashes within each segment; 3) the number of truck crashes
were color-coded and projected onto the geographical map. Based on this analysis, a truck crash
density map for California was established and the high truck crash concentration locations
(TCCLs) identified.

In the second task, the identified TCCLs were further evaluated to investigate their common
attributes. These common attributes helped us understand what may contribute to the high risk
areas and predict potentially hazardous areas. The analysis focused on (1) the patterns of
distribution and recognizable location shifts over the years and (2) the relationship between
TCCLs and overweight trucks.

The third task was to identify areas that have high truck traffic volume but lack commercial
vehicle enforcement. In this task, truck traffic data from Caltrans Data Branch was analyzed to
examine the distribution of truck traffic and to identify areas with high truck traffic volumes.
Truck traffic along major corridors was also analyzed to evaluate traffic flow along the corridors.
Also in this task, the CVEF location data was used to assess the coverage of the existing CVEFs.
To facilitate the assessment, a mapping algorithm was developed to transfer the truck traffic
count locations and the CVEF locations to a digital map of the California highway network.

In Task 4, bypass route identification algorithms were developed to identify the alternative routes
for bypassing the existing CVEFs. The bypass route identification was formulated as an
optimization problem that provides several paths between locations before and after a CVEF. In
order to find the bypass routes, we chose a cost function that would be prohibitively large if a
path were to go through the CVEF, and set up the optimization problem to minimize this cost
function. As a result, the optimization yielded paths that would not go through the CVEF; that is,
the resulting paths were the bypass routes. Route guidance techniques based on a labeled
directed graph'' were used to define the optimization problem and develop the bypass route
identification algorithms.

In Task 5, three CVEF sites were selected for case studies to evaluate and compare the bypass
route identification algorithms. The evaluation included manual examination of alternative routes
around the CVEF sites based on the digital map and discussions with local CHP officers. To
further refine the algorithms, we attempted to identify the factors that influence the decision of
overweight trucks’ operators in selecting bypass routes, so we could incorporate those factors
into the bypass route identification algorithms. Therefore, in this task a focus group discussion
with CHP officers was held and an interview with Caltrans Truck Service personnel was
conducted to help identify those factors. The refined algorithms were then used in Task 6 to
develop strategies for WIM/VWS deployment.

' Truck crashes are rare events when compared to passenger vehicle crashes, and they have a tendency to be
clustered (spatial autocorrelation). Such characteristics do not bode well with the assumptions underlying
conventional regression analysis that is often used to model traffic crashes. The continuous risk profile method,
however, does not require any assumption on crash occurring processes. Since truck crashes are too rare to use the
continuous risk profile method directly, we made further modifications to the continuous risk profile method.

" Herbert, W. and Mili, F., Route Guidance: State of the Art vs. State of the Practice, Intelligent Vehicles
Symposium, 2008 IEEE, Page(s): 1167 — 1174.
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In the final task, the deployment strategies were developed to determine the optimum sites for
deploying new WIM/VMS sites at areas with high safety risks or high truck traffic volume. The
deployment strategies were built upon the bypass route identification algorithms developed in
Task 4 and refined/verified in Task 5. The deployment strategies further included identifying
highways in the area of interest, determining candidate sites for WIM/VMS deployment,
evaluating each candidate site by applying the bypass route identification algorithms to find the
corresponding bypass routes for each candidate site, and selecting the best site based on the
evaluation. A candidate site that resulted in the highest cost function (and fewest bypass routes)
was then selected as the optimum site for WIM/VWS deployment.

1.3 Report Organization

The remainder of the report is organized as follows: Section 2 describes the identification of
truck-involved crash concentration locations; Section 3 presents the investigation of the common
attributes of the identified TCCLs; Section 4 details the identification of areas with high truck
traffic volumes but a low level of CVEF coverage; Section 5 presents the bypass route
identification algorithms; Section 6 describes the case studies with an evaluation of the bypass
route identification algorithms; Section 7 presents the proposed WIM/VWS deployment
strategies; and Section 8 summarizes this report.

10



2 Identification of Truck-involved Crash Concentration Locations

To identify areas with a concentration of truck-involved crashes, we analyzed the historical truck
crash data from the TASAS (Traffic Accident Surveillance and Analysis System) database'.
This section first presents the general statistics of the truck-involved crashes over a three-year
period (2006 through 2008), then describes, in detail, the truck-involved crash concentration
locations (TCCL).

2.1 Truck-involved Crash Data

In this analysis, we extracted three years (2006 through 2008) of crash data from TASAS. We
used data from this three-year period because the database was only updated to the end of 2008,
when we acquired the data to conduct the study. We used three years of data to provide sufficient
representation and ensure data stability. Since the TASAS data involve not only trucks but also
other vehicles, such as passenger cars, we further queried crashes involving trucks for this study.
The query results included a total of 47,288 truck-involved crashes (105,599 parties were
involved in these crashes), accounting for 647 fatalities and 16,938 injuries.

Figure 2.1 shows the number of truck-involved crashes during this 36-month period. The blue
bars represent the number of crashes per month (starting January, 2006) and the black curved
line is the second-order best-fit line. As shown in Figure 2.1, the number of truck-involved
crashes in California decreased during this 36-month period in a noticeable trend. This trend is
consistent with the trend in total number of crashes in the same period.
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Figure 2.1 Number of truck-involved crashes in 36-month period (2006 — 2008)

2 TASAS is a computerized traffic crash database maintained by the California Department of Transportation
(Caltrans).
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Figure 2.2 Time of day when truck-involved crashes occurred during data period (2006 to 2008)

Figure 2.2 shows the time truck-involved crashes occurred during the day. It shows that the
majority of truck-involved crashes occurred during the day and higher numbers of crashes were
observed during rush hours.

Figure 2.3 shows the distribution of the primary crash factors of truck-involved crashes. Unlike
general traffic crashes, where speeding is the dominant primary crash factors, these truck-
involved crashes had other violations as the leading cause. These contributed to more than 40
percent of truck-involved crashes.
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Figure 2.3 Primary crash factors of truck-involved crashes during data period (2006 to 2008)
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Figure 2.4 shows the distribution of crash types for truck-involved crashes. Unlike general traffic
crashes where rear-end crashes are the dominant crash type, sideswiping was the leading crash
type in these truck-involved crashes.
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Figure 2.4 Type of truck-involved crashes (2006 to 2008)

2.2 Identification of Truck Crash Concentration Locations (TCCLs)

To help improve traffic safety, it is important to identify locations where truck crashes are
concentrated and to understand the attributes of those locations. Although truck crashes occur
more rarely than other traffic crashes, they have the tendency to be clustered (i.e., exhibiting
spatial autocorrelation). Moreover, crashes are also spatially distributed across road networks.
Therefore, spatial analysis is necessary to identify TCCLs.

In this study, we used a geographical information system and identification procedure as follows.
First, since the crash data records use post mile information to indicate the crash location, a post
mile map was established by incorporating post mile information into a roadway map database.
Second, the crash locations corresponding to truck-involved crashes were calibrated and
geocoded based on the post mile map. Third, all California State Routes were divided into one
mile segments and the number of truck-involved crashes for each one-mile road segment was
counted. Fourth, all of the segments were then ranked based on their count of truck-involved
crashes. The top 20 TCCLs in California for the years 2006- 2008 are listed in Tables 2.1, 2.2,
and 2.3 respectively.
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Table 2.1 Top 20 truck crash concentration locations (2006)

Begin End
District County Route PM PM | Direction | Prefix | Crash Count
8 RIVERSIDE 215 | 42.998 |43.998 S 52
7 LOS ANGELES 57 3 4 N 37
7 LOS ANGELES 5 18 19 S 36
7 LOS ANGELES 5 17 18 S 33
4 ALAMEDA 80 2 3 \ 31
7 LOS ANGELES | 605 9 10 S 29
4 ALAMEDA 80 1 2 \Y 29
7 LOS ANGELES 60 24 25 Y 28
7 LOS ANGELES | 710 21.96 | 22.96 S 28
7 LOS ANGELES 57 2 3 N 28
7 LOS ANGELES | 710 21.96 | 22.96 N 28
7 LOS ANGELES 60 12 13 \ 27
7 LOS ANGELES | 710 12.96 13.96 S 27
8 RIVERSIDE 215 | 41.998 | 42.998 N 27
7 LOS ANGELES 5 14 15 N 27
4 SACRAMENTO 5 23 24 S 26
12 ORANGE 91 6.996 | 7.996 \Y R 25
7 LOS ANGELES 5 15 16 N 25
7 LOS ANGELES 60 24 25 E 25
7 LOS ANGELES 5 17 18 N 25
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Table 2.2 Top 20 truck crash concentration locations (2007)

District County Route B;ﬁn 1;;2 Direction | Prefix | Crash Count
8 RIVERSIDE 215 42.998 | 43.998 S 53
8 RIVERSIDE 215 38.998 | 39.998 S 49
7 LOS ANGELES 60 24 25 w 44
7 LOS ANGELES 5 17 18 S 41
4 ALAMEDA 238 14 15 N 38
7 LOS ANGELES 60 24 25 E 37
7 LOS ANGELES | 710 21.96 22.96 N 37
4 ALAMEDA 80 2 3 w 35
7 LOS ANGELES 57 3 4 N 35
7 LOS ANGELES 5 18 19 S 30
7 LOS ANGELES 5 17 18 N 30
12 ORANGE 5 43 44 S 29
7 LOS ANGELES 5 16 17 N 28
7 LOS ANGELES 57 3 4 S 25
7 LOS ANGELES | 605 9 10 S 25
7 LOS ANGELES | 710 12.96 13.96 S 25
7 LOS ANGELES | 605 10 11 S 24
8 RIVERSIDE 215 39.998 | 40.998 N 24
7 LOS ANGELES 57 4 5 S 23

SAN
4 FRANCISCO 80 3.951 4951 E 23
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Table 2.3 Top 20 truck crash concentration locations (2008)

Begin End
District County Route PM PM | Direction | Prefix | Crash Count
7 LOS ANGELES 60 24 25 W 40
7 LOS ANGELES 5 17 18 S 32
7 LOS ANGELES 57 3 4 S 27
7 LOS ANGELES | 605 9 10 S 27
7 LOS ANGELES 5 14 15 N 24
7 LOS ANGELES 5 18 19 S 22
7 LOS ANGELES 5 16 17 S 22
7 LOS ANGELES | 710 21.96 | 22.96 N 22
7 LOS ANGELES | 405 30 31 S 19
7 LOS ANGELES | 710 21.96 | 22.96 S 19
12 ORANGE 91 15.999 | 16.999 E R 19
7 LOS ANGELES 10 32.155 | 33.155 W 18
7 LOS ANGELES 57 4 5 S 18
4 ALAMEDA 880 16 17 S 18
7 LOS ANGELES | 710 22.96 | 23.96 S 18
12 ORANGE 22 8 9 E 18
4 ALAMEDA 880 20 21 N 18
12 ORANGE 91 16 17 E 18
7 LOS ANGELES 10 17.155 | 18.155 W 17
7 LOS ANGELES | 605 10 11 S 17

Figure 2.5 shows the crash density maps for truck-involved crashes in the year 2008. In this map,
the density of truck-crash occurrences was shown for all roadway segments for one direction in
the left chart and the other direction in the right chart. There is an observable concentration in the
major truck corridors in both Northern and Southern metropolitan areas. Particularly noticeable
is the greater concentration in the Los Angeles area. While we only show charts for 2008, the
other years have similar patterns.

We used Alameda County in San Francisco as a case study to provide a detailed look at the
clustering of truck crashes along specific segments. Figures 2.6 and Figure 2.7 show the detailed
crash density map for truck-involved crashes in Alameda County with traveling direction in
north/east and south/west directions, respectively. SR-238 in Hayward and I-880 near Oakland
both have high-concentration segments.

16



North and East

South and West

17

Figure 2.5 Crash density map for truck-involved crashes (California, 2008)
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North and East

Figure 2.6 Crash density map (north/east direction, Alameda County, 2008)
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South and West

Figure 2.7 Crash density map (south/west direction, Alameda County, 2008)



3 Investigation of Attributes of TCCLs

To understand what may contribute to the high-risk areas and may also help predict potentially
hazardous areas, we further evaluated the identified TCCLs to investigate their common
attributes. The analysis focused on the following three aspects:

e patterns of distribution and recognizable location shifts over the years;

e the relationship between TCCLs and the overweight trucks.
This section describes the analysis and corresponding findings.

3.1 Patterns of distribution and recognizable location shifts of TCCLs

Although the top 20 TCCLs varied from year to year, some locations did show up among the top
20 TCCLs in each of the three years we studied. To analyze the location patterns and the
variations in truck-involved crashes, we examined the truck-involved crashes at the top 20
TCCLs in each year. Figures 3.1, 3.2, and 3.3 show the numbers of crashes for the top 20
locations in 2006, 2007, and 2008, respectively. In each chart, the three-year truck-involved
crashes at each TCCL are also given to allow an inspection of variations in those three years. In
each figure, the top 20 TCCLs for a specific year are listed along the x axis; the three colored
bars drawn at each TCCL represents the number of truck-involved crashes that occurred at that
location in 2006 (blue bars), 2007 (red bars), and 2008 (green bars). In addition, the Top 20
locations ranked by the average number of truck crashes in those three years are shown in Figure
3.4. The corresponding truck traffic volume in AADT (Annual Average Daily Traffic) for those
top TCCLs are provided in Figure 3.5.

The following observations can be made from a reading of these figures:

¢ On one hand, several TCCLs had relatively consistent numbers of truck-involved crashes
over the three years, and are included in the top 20 TCCLs for each of the three years.
Examples of such TCCLs include the road segment from post mile 18 to post mile 19 on
south-bound Route 5 in Los Angeles (labeled as 5S-LOSANGELES-PM18, the 3™ TCCL
in Figure 3.1), the road segment from post mile 17 to post mile 18 on south-bound Route
5 in Los Angeles (labeled as 5S-LOSANGELES-PM17, 4™ TCCL in Figure 3.1), and the
road segment from post mile 9 to post mile 10 on southbound Route 605 in Los Angeles
(labeled as 605S-LOSANGELES-PM9, 6" TCCL in Figure 3.1). An inspection of several
of these locations indicated that the TCCLs occurred at locations where significant truck
traffic merging or diverging movements are involved.

e On the other hand, there could be significant variations in the number of truck-involved
crashes from one year to another at some TCCLs. For example, the TCCL (labeled as
“215S-RIVERSIDE-PM42.998” in Figure 3.1) that has the highest number of truck-
involved crashes in 2006 and 2007, actually had less than 10 truck-involved crashes in
2008, and it is not included in the top 20 TCCLs for 2008. This type of short term change
could be due to a short-term fluctuation or a temporary alteration of traffic patterns.

e The investigation of the causal factors of crashes and their concentration require more in-
depth evaluation. It will be a topic worthy of further study, but is beyond the scope of this
project, and thus will not be discussed further here.

e In Figure 3.4, where the top 20 locations are ranked for the three years, there are several
clustered segments. For example,

o 1-710 Southbound, Los Angeles County, PM 21 and 22
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o I-5 Southbound, Los Angeles County, PM 17 and 18

o I-5 Northbound, Los Angeles County, PM 14, 16, and 17

o 1-80, Westbound, Alameda County, PM 1 and 2
In Figure 3.5, the AADT for the top 20 TCCLs are shown. A majority of these locations
has significant high truck volume, so there is a degree of correlation between truck
volume and TCCLs. However, the correlation of crash numbers and truck volume is not
clear. This illustrates a typical problem with truck crash analysis, as they are relatively
rare events and there is a data stability issue in the attempt to model their relationship
with other variables.
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Figure 3.1 Number of truck-involved crashes at the top 20 TCCLs for 2006
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Figure 3.2 Number of truck-involved crashes at the top 20 TCCLs for 2007

=2006
= 2007
= 2008

50 -

Jea A Jad saysel) soni |

Figure 3.3 Number of truck-involved crashes at the top 20 TCCLs for 2008
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